work will stimulate the experimental study and exploring the future application of stanene.
The researches of two-dimensional (2D) materials, as inspired by the great success of graphene, have experienced an explosive increase in the recent years 8 . Particularly the 2D group IV materials that include graphene, silicene, germanene and stanene as a family have attracted enormous interests due to their exotic electronic properties. In this 2D material family, stanene is of special interest due to its outstanding properties.
For instance, stanene and its derivatives could support large-gap 2D quantum spin
Hall (QSH) states and thus enable dissipationless electric conduction at room temperature 4, 9 . Moreover, stanene could also provide other novel features, including enhanced thermoelectricity 5 , topological superconductivity 6 and near-room-temperature quantum anomalous Hall (QAH) effect 7 . Any of these theoretical proposals of stanene, if confirmed experimentally, could offer great opportunities not only for the development of condensed matter physics and material science but also for future technologies.
However, the experimental growth of stanene remains elusive. Various techniques have been developed for fabricating 2D materials, like mechanical exfoliation, CVD, and MBE. And thus most of the 2D group IV materials are now experimentally available, including silicene 1,2 and germanene 3, 10 . In contrast, little experimental efforts have been devoted on growing stanene and no previous report has confirmed the existence of such a material structure. Some early MBE experiments in 1990s might possibly obtained the stanene-like structure 11, 12 , but no structural characterization with atomic-scale resolution was provided. Recently three-dimensional (3D) TI states were observed in epitaxially grown α-Sn(001) thin films on InSb substrate 13, 14 , however 2D stanene films have not been realized. Stanene is a 2D allotrope of Sn in graphene-like structure 4 . It is composed of a biatomic-layer of α-Sn(111), in which two triangular sublattices stack together, forming a buckled honeycomb lattice (Fig. 1a) . The buckling of stanene, defined as the height difference between the top and bottom Sn atoms, depends slightly on chemical environment and is typically around 0.1 nm. Stanene can be nicely grown on shows large terrace and steps of single-quintuple-layer (QL) height (~1nm) (Fig. 1d ). (Fig. 1d) , the overall surface morphology is unperturbed in the large scale after stanene growth. Sharp Bi 2 Te 3 steps with 1 nm height were still observed ( Fig. 1g and 1j). Fig. 1h shows the zoom-in STM image of stanene film. The film has a similar surface morphology as other ultrathin epitaxial films. About 90% of substrate is covered by stanene film and about 10% ~ 15% Sn atoms stay on the top as small islands. Triangular lattice of stanene film is clearly revealed in the atomic resolved STM image (Fig. 1i) . In bulk or thick α-Sn(111) films, a 2x2 reconstruction of surface Sn atoms was observed in STM 12 . In our ultrathin film we did not observe any reconstruction. The surface of stanene film is not perfectly flat on nanometer scale.
The height line profile ( Fig. 1k) (from the red line in Fig. 1i ) shows a random height modulation of about 0.06 nm, which may be caused by the in-plane compressive stress or hydrogen adsorption. Similar modulation was also observed in previous study on thick Sn(111) films 15 and SnTe(111) films 16 . The biatomic-layer structure of the stanene film is further confirmed in Fig. 1l and 1m . At the edge of the island on the first Sn layer, we occasionally observed another Sn atomic-layer beneath the topmost Sn atomic-layer. The height difference shown in Fig. 1m (corresponding to the green line in Fig. 1l ) between them is about 0.12±0.02 nm that nicely matches the distance between Sn atomic-layers in the biatomic-layer structure of stanene. We marked the position of atoms on these two atomic-layers in Fig. 1l . Very clearly, these two atomic-layers are A-B stacking like.
The relative position between Sn and Te atoms was also determined (See supplementary information). Based on the STM results in Fig. 1 and Fig. S1 , we
propose the atomic structure model for 2D stanene on can be nicely identified as contributions from the substrate except the two hole bands. In the first BZ (labeled by "I" in Fig. 3c ), the Fermi surface shows three-fold symmetry in intensity, which is related to the three-fold symmetry of the biatomic-layer structure of stanene. Furthermore, there are Fermi surfaces (regardless the intensity variation in different BZs) around each Γ point in six BZs, which agrees with hexagonal Bravais lattice of stanene as found in STM image in Fig. 1i . Figure 3d shows two ARPES spectra along two momentum directions (Γ-M and Γ-K) as labeled by the yellow dashed lines in by blue dotted lines in Fig. 3h . We think those bands should originate from stanene.
One thing we need to point out is that the contributions of the Bi 2 Te 3 substrate were determined experimentally. We didn't use the published LDA calculations of Bi 2 Te 3   21 as the references to distinguish the contributions from stanene because the LDA bands are not completely consistent with experiments as revealed recently in ARPES experiments 22 . For example, one misleading band in Fig. 3h is the third hole band below the Fermi level near the Γ point (marked by green dased lines in Fig. 3h ) that was also observed in Fig. 3a (high resolution AREPS spectra are also shown in supplemental information Figure S5 ). According to LDA calculations 21, 22 (Fig. 4a) as proposed by experiment. The optimized distance between the top atomic-layer of stanene and the Te layer of the substrate is 4.42 Å. Upon adsorption the buckling of stanene increases slightly to 1.14 Å, which agrees nicely with our experimental result (1.2 Å). In the band structure of the combined system (Fig. 4b) at the Г point, as observed by ARPES. Secondly, the existence of the substrate breaks the inversion symmetry of stanene, leading to band splitting. The splitting is small at the Г point but noticeable at the K point (Fig. 4b) . Thirdly, the band gap of stanene at the K point depends sensitively on environment, such as the substrate or adsorbates (like hydrogen). The associated electronic states at K point are mainly contributed by the p z orbital of Sn. This p z orbital is chemically active due to its unsaturated nature, and is thus easily affected by external environment. Specifically, the band gap of stanene at the K point gets enhanced upon adsorption and would increase if decreasing the adsorption distance. An extreme value of 6 eV is obtained in a hydrogenated stanene with all the p z orbital fully saturated. Since hydrogen ubiquitously exists in the growth process, the band structure of stanene at the K point is expected to vary significantly with growth conditions.
We compared the experimental determined bands with DFT calculations in Fig. 4c . [4, 7] . Our results open a door for studying properties of 2D stanene in the future. 
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